Background: The Lesotho Ministry of Health issued guidelines on active case finding (ACF) for tuberculosis (TB) and isoniazid preventive therapy (IPT) in April 2011. ACF has been recommended in maternal and child health (MCH) settings globally, however, the feasibility of implementing IPT within MCH in countries with high concurrent HIV and TB epidemics is unknown.
INTRODUCTION
Sub-Saharan Africa suffers a double epidemic: there is a high rate of HIV and tuberculosis (TB) coinfection leading to high morbidity and mortality. [1] [2] [3] [4] Southern Africa has high rates of TB among HIV-infected pregnant women, with the combination of TB and HIV contributing significantly to mortality among pregnant women. 5, 6 TB has also been associated with increased risk of HIV transmission from mother to child. 7 In a meta-analysis of TB symptom screening algorithms coordinated by World Health Organization (WHO), the best performing rule was a 4-symptom screen using one of any of the following: cough in the last 24 hours, fever, night sweats, and weight loss. This 4-symptom screen rule had a sensitivity of 90.1% in a clinic setting and negative predictive value of 98.3%, assuming TB prevalence of 5% among people living with HIV. CD4 cell count (greater or less than 200 cells/mL) had little impact on the sensitivity or specificity of this symptom screen. [7] [8] [9] [10] The WHO guidelines thus recommend screening for TB using the presence of cough of any duration, fever, night sweats, and weight loss, and collecting sputum for testing from symptomatic persons with any of the symptoms above.
Several studies have demonstrated the efficacy of active case finding (ACF) for identification of active TB enabling initiation of appropriate medical therapy, and provision of isoniazid preventive therapy (IPT) to prevent TB. [8] [9] [10] [11] In 2011, the WHO released updated guidelines for intensified case finding (ICF), IPT, and infection control (IC), and known as the 3Is, which included a conditional recommendation to provide IPT for pregnant women. 8, 12, 13 By definition, ICF is provider-initiated TB screening among HIV-infected persons, whereas ACF screens all individuals regardless of their known risks for TB. 5, 8, 14 Researchers in Tanzania and Brazil reported that a large proportion of adult patients offered IPT accepted it with 85%-87% completing the recommended 6-month treatment. 14, 15 Research in Thailand, India, and South Africa found that IPT reduces the risk of TB significantly among HIV-positive individuals despite various reported operational challenges. 16, 17 Lesotho adopted the 2010 WHO guidelines for ICF/IPT/ IC and designed an implementation process that included the introduction of ACF and IPT within maternal and child health (MCH) settings. 18 We undertook an evaluation of the uptake of ACF examining the rate of TB screening and diagnosis between HIV negative and positive, and uptake and completion of IPT among eligible HIV-positive pregnant women during the first year of implementation of the national 3Is guidelines in 2 secondary level health facilities in Lesotho. To the best of our knowledge, this is the first evaluation on the rollout of IPT among HIV-positive pregnant women in Africa.
METHODS

Study Design
This was a descriptive prospective study using data abstracted from patients' file after the participants were seen by a health care provider. The aim of the study was to evaluate the implementation of guidelines for ACF among HIV-positive and HIV-negative pregnant women, and provision of IPT for prevention of TB among eligible HIVpositive pregnant women in Lesotho, to inform the Ministry of Health (MOH). We abstracted data from selected women who were identified at their first visit for routine antenatal care (ANC) services. Study-specific data were abstracted from the women's initial and subsequent standardized forms and registers completed during receipt of routine services. Follow-up data were extracted until women on IPT reached the 6-month end-of-treatment mark.
Study Population
Pregnant women were eligible to be included in the study if they presented for their first ANC visit for pregnancy during the study period, irrespective of their gestational age. Women were excluded if they had active TB, were on TB treatment, or were already receiving IPT. The minimum age for the women enrolled was 14 years. The study population was identified by a research nurse through review of the medical records and ANC register. There was no direct interaction between study participants and the research team.
All study data were collected through review and abstraction of data from existing medical records.
Study Sites
Study sites were 2 hospital-based MCH clinics, Berea hospital in Berea District and Saint Joseph's hospital in Maseru District. These sites were purposively selected by MOH as the pilot sites for the rollout of ACF/IPT guidelines because of their relatively high volume of patients and their proximity to the capital city. Implementation of the program began in June of 2011, in Berea hospital, and in September 2011 in Saint Joseph's hospital. The research was started at the same time to accompany the implementation.
Lesotho Procedures on ACF and IPT for Pregnant Women Attending ANC Clinics
Pregnant women seeking ANC services received information about TB during the routine educational session that was provided to all ANC attendees. All pregnant women received standard medical care within the ANC, in line with the MOH guidelines, including HIV testing and antiretroviral (ARV) drugs for treatment and/or the prevention of motherto-child transmission (PMTCT) of HIV. Pregnant women were assessed for signs and symptoms of TB by trained health care workers using the National TB screening tool that screened for the presence of fever, night sweats, cough, or weight loss. If the woman had any of these symptoms, she would be given 3 sputum collection containers, provide 1 sample immediately and bring the 2 remaining sputum samples to the laboratory for testing the following day. Sputum samples are processed daily, and AFB smear microscopy results are given to the patients the same day. Women with positive sputum tests for Acid Fast Bacilli (AFB) are referred to the TB clinic for initiation of treatment. Women with AFB-negative sputa are referred to a physician for further investigations and management within 1-2 days for consideration of empiric antibacterial therapy with amoxicillin or erythromycin and/or chest x-ray imaging and GenXpert testing that became available during the course of the study according to National guidelines. The study sites both had x-ray facilities on site, whereas the GenXpert facility was located about 30 km from Berea hospital and 40 km from St Joseph's hospital with samples transported centrally through the existing MOH sample transport system and results available within 2 days when the study is requested.
HIV-positive pregnant women with a negative symptom screen were eligible for IPT within ANC. They were prescribed 300 mg isoniazid (INH) tablets (1 daily) with vitamin B6 25 mg once a day and instructed to return to the facility monthly for clinical and laboratory monitoring, as well as to obtain refills of INH over the period of 6 months. Clinical monitoring included active assessment for side effects and toxicities related to INH, including gastrointestinal and central nervous system side effects, and peripheral neuropathy. Other routine testing included baseline alanine aminotransferase (ALT) measurement, and follow up ALT among patients with elevated ALT at baseline, or clinical symptoms suggestive of hepatitis.
Study Procedures
A unique study identification number (ID) was assigned to all women enrolled in the study. The ID number was used on all study case report forms to ensure anonymity. The study ID was linked to the woman's routine medical record numbers on a locator form to allow research nurses to identify and extract data collected during subsequent ANC visits. Clinical data that were extracted included demographic information of the patient, HIV status, findings of symptoms screening, and concurrent medications. Extracted laboratory data that were included in this analysis were CD4 count, ALT, and sputum microscopy; radiology studies were infrequently ordered, and results were not available for analysis. Sources of information from which data were abstracted included TB treatment and IPT registers, the antiretroviral therapy (ART) card, ANC register, and the infant delivery register and postpartum register. All abstracted data were entered into a customized study database in duplicate by 2 separate individuals. All data queries were resolved before final data analysis.
Rates of TB diagnosis through ACF and subsequent laboratory testing, initiation of eligible HIV-infected pregnant women on IPT, incidence of side effects during IPT, and completion rates of IPT were determined using data abstracted from standardized forms and registers. Completion of IPT was based on the National guidelines definition, which calls for 6 consecutive months of daily INH. Among those who default during this period, IPT therapy completion is defined as reinitiation within a month of the first default to complete a total of 6 months of INH. Adherence was not assessed as part of this research. This study's protocol was reviewed and approved by the Lesotho Ministry of Health ethics committee, the Baylor College of Medicine, Bristol Myers-Squibb Children's Clinical Centre of Excellence Lesotho, and the Johns Hopkins Medicine institutional review boards. We requested and obtained a waiver of consent to abstract existing data from routine clinic registers.
Sample Size and Statistical Consideration
A study sample size of 160 (20%) HIV-positive pregnant women and 640 (80%) HIV-negative pregnant women was required to detect a 10% or greater difference in the presence of TB symptoms among the 2 groups, with an alpha of 0.05% and 80% power, in a population with approximately 20% HIV prevalence. The sample size was inflated to accommodate an approximately 20% chart incompletion rate. This sample size was also sufficient to detect at least a 10% difference in TB screening rates among HIVpositive and HIV-negative women, and provide precision within 5% of the point estimate of the percentage of eligible HIV-positive women who were initiated on IPT.
Statistical Methods
Frequencies and medians were used to summarize the rollout of active TB case-finding and IPT. Uptake of active TB case-finding was defined as the proportion of pregnant women presenting for their first ANC visit who were screened for TB, as per MOH guidelines. Uptake of IPT was defined as the proportion of HIV-infected pregnant women presenting at 1 or more antenatal clinic visit who were eligible for IPT and started on IPT.
Differences in characteristics between HIV-positive and HIV-negative women were assessed using the x 2 test or Wilcoxon rank-sum test for categorical or continuous variables, respectively. Among HIV-positive women, the bivariate relationships between IPT initiation and factors such as maternal age, gestational age at the first ANC visit, maternal CD4 count, concurrent ART, and known HIV-positive status at the first ANC visit were estimated using logistic regression. All statistical analyses were conducted using STATA (version 11.0).
RESULTS
Between June 2011 and December 2012, records from 800 of 1763 eligible pregnant women with their first ANC visit during the enrollment period were consecutively reviewed until the enrollment targets of 160 HIV-positive and 640 HIV-negative pregnant women were met, as defined by sample size calculation (Fig. 1) . Among study participants, 56 (35.0%) of HIV-positive and 50 (7.8%) of HIV-negative pregnant women had documented knowledge of their HIV status at their first ANC visit (Table 1) . Among 694 pregnant women presenting without a documented HIV-negative result of less than 3 months or HIV-positive test, 104 (14.9%) tested HIV positive. Table 1 summarizes characteristics of the women. When compared with HIV-negative women, HIV-positive pregnant women tended to be older (P = 0.001) and had higher numbers of previous pregnancies and deliveries (P , 0.001). Gestational age at the first ANC visit was slightly later in HIV-positive women (P = 0.076). About 99.8% of women were screened for TB using the clinical symptoms screen, with HIV-positive women more likely to report TB symptoms compared with HIV-negative women (11.3% versus 2.3%; P , 0.001). Two (1.3) HIV-positive women had confirmed TB compared with 1 (0.15%) HIVnegative pregnant women (P = 0.191). One of the women was AFB smear negative, but diagnosed on the basis of chest xray findings, second was diagnosed by GenXpert testing, and the third diagnosed with detection of AFB on sputum microscopy. Among women with symptoms of TB, with the predominant symptom being the presence of cough, 1200 per 100,000 cases of HIV-positive women compared with 200 patients per 100,000 cases of HIV-negative women were diagnosed with active TB disease.
Among 128 (80.0%) HIV-positive pregnant women who had a CD4 + T-lymphocyte cell count, 61.7% had a CD4 + T-lymphocyte cell count greater than 350 cells per cubic millimeter and 88.1% were WHO clinical stage 1 ( Table 2) . More than a third (36.2%) of these women received ART for their own health; the rest were on Zidovudine (AZT) prophylaxis to prevent mother-to-child transmission of HIV.
Among HIV-positive women, 158 (98.7%) were eligible for IPT, per clinical guidelines (Figs. 1, 2 ). Of these, 140 (88.6%) were asymptomatic and IPT was initiated in 111 (79.3%) asymptomatic women. Twenty-nine women with a negative clinical symptom screen who were eligible for IPT were not initiated on prophylaxis. Among these women, 15 were not initiated at the earliest clinical opportunity due to lack of availability of INH at the time of their visit and were unable to be tracked to be offered IPT when the medication became available; 5 women were referred to another program or facility; 3 women declined IPT; 2 women left the program without informing HCWs; 2 women moved to South Africa. The reason for lack of IPT initiation is unknown for 2 of the women.
In the symptomatic women, 13/18 (72.2%) received IPT after active TB were excluded. Of the 5 symptomatic women who did not receive IPT, 2 had active TB and were initiated on TB treatment. Among patients initiated on IPT, 80 (64.5%) completed the recommended 6-month course of therapy, and 3 (2.4%) were transferred out. Overall, a high loss to follow-up was observed, 39 (31.5%) and 2 (1.6%) died of causes unrelated to IPT or TB; 1 patient died from septic abortion and another from puerperal sepsis. Among HIV-positive women, gestational age at the first ANC (unadjusted odds ratio, 0.93; 95% confidence interval: 0.88 to 0.98) and ARV use for treatment versus PMTCT prophylaxis (odds ratio, 4.59; 95% confidence interval: 1.32 to 15.93) were associated with initiation of IPT (Table 3) . Late presentation to ANC was associated with a lower likelihood of initiating IPT; a 1-week increase in FIGURE 1. Schematic representation of study participants from enrollment. ANC, antenatal care clinic; SSM+, sputum smear microscopy positive; SMM2, sputum smear microscopy negative. 
DISCUSSION
This study demonstrates that implementation of ACF of TB and IPT in the MCH setting is feasible in a resourceconstrained setting. Despite the high volume of patients, health care workers within the MCH setting achieved almost universal screening of all pregnant women for clinical symptoms and signs of TB. Of note, the yield of ACF for the detection of TB primarily was low. Improved diagnostics with greater sensitivity than smear microscopy such as GeneXpert testing may identify more cases of TB, especially among HIV-positive patients with compatible clinical symptoms. Even in the context of pregnancy, most HIV-positive women agreed to initiate IPT to prevent the development of active TB. Given the nature of this study, which relied on existing clinical records, we were unable to ascertain the reason for lack of uptake of IPT among the approximately 20.0% of women who were eligible for IPT but did not receive it. Although it is possible that women did not accept the offer to initiate IPT, it is also feasible that this subset of women was not offered IPT by the health workers, especially during stock out of drugs as reported in previous studies among general adult population. [19] [20] [21] Further studies including process analyses are warranted to identify reasons for not providing IPT to eligible HIV-positive pregnant women, and to identify interventions that could address structural and behavioral impediments to successful implementation of IPT.
Of those receiving IPT, two-thirds completed the recommended 6-month course of therapy, higher than rates reported in routine care in the United States and Canada. 22 Although the completion rate was higher than 59.0% 6-month completion rate reported by studies in South Africa, it is concerning that a significant proportion of women did not complete the 6-month course of IPT prophylaxis. 17 The high attrition identified in this evaluation demonstrates the need to critically evaluate processes to support IPT completion in this IQR, interquartile range. *Two HIV-positive pregnant women were not screened for TB symptoms. †Among HIV-positive women, the TB case report was 1260 per 100,000cases and 150 per 100,000 among HIV-negative pregnant women. †ART regimen is made up of those who were pregnant, while already on ART, and those who were initiated on ART at ANC. Nineteen women were initiated on tenofovir +lamivudine+efavirenz, 1 on tenofovir+lamivudine+nevirapine, and 38 were on zidovudine+lamivudine+nevirapine. This was a descriptive prospective study that used existing clinical data without interaction between the research staff and the participants. The quality of the routinely collected data was sufficient to conduct this evaluation because of timing of the release of the ICF/IPT/IC guidelines in Lesotho, which paralleled the revisions to the ANC and other clinical registers to support the implementation of the updated PMTCT and ART guidelines. As such, clinical forms were updated in such a way that it allowed inclusion of indicators needed in this evaluation. Given the study design, however, we were unable to implement interventions to optimize IPT management. Future program evaluations should be designed to address attrition on an ongoing basis, by examining and optimizing processes iteratively to ensure improvement in access and completion of IPT during pregnancy and postpartum. Some studies reported isoniazid (INH) side effects, health care workers' attitude, stock out of supplies, and migration as some of the factors that were associated with patients who failed to complete their 6-month course of IPT. 21, 23 Our findings suggest that side effects with IPT during pregnancy are not commonly similar to reports from other studies in Botswana and Brazil, further strengthening the case for use during pregnancy. 14, [24] [25] [26] [27] However, further studies are needed to assess the safety of this intervention, when administered in the context of a routine program in places with high HIV prevalence and concurrent use of ART, as this study was not specifically designed or powered to assess the safety of IPT in this context. In studies among the general adult population receiving isoniazid, less than 2% experience significant side effects. 23 Interestingly, women who were on ART for their own health were more likely to receive IPT compared with women receiving ARV prophylaxis for PMTCT. Reasons for this may be due to the more regular interaction with the health care system, and/or a perception (by either the woman or the health care worker) that IPT is important for their health. It may also be due to the fact that this subset of women may be more informed through posttest support and ART adherence counseling.
To address issues of mobility and challenges of retention in care, Lesotho rolled out a program to optimize PMTCT that involved copackaging ARV PMTCT prophylaxis together with iron, folic acid, vitamin B complex, and vitamin A that was given to pregnant women for the whole duration of pregnancy. 28 Adding IPT to this pack may be an innovative way to improve the completion of IPT 6-month course in pregnancy and beyond; however, the safety of such an intervention would have to be independently investigated, especially in light of the high loss to follow-up that was demonstrated in this feasibility study.
